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SUMMARY: In the present study the fish communities of the rocky bottoms of Cabrera Archipelago (Balearic Islands) are
analysed and provide data for future evaluation of any changes produced by management. Visual counts were carried out
by diving along transects situated in areas of rocky blocks at depths of -10 m, -25 m and -41 m and at vertical cliffs -15 m
deep. In the 10 stations studied, 48 species belonging to 19 families have been recorded. The increase in depth principally
produced a specific impoverishment and a decrease in the density of mesophagous and macrophagous carnivore species.
This tendency became more noticeable changing from the infralittoral to the circalittoral stage. In the infralittoral stage the
substrate rugosity was a more important factor than depth in the structure of the fish community. However, other specific
characteristics of each zone such as algal cover, hydrodynamic conditions and fishing pressure, as well as habitat changes
with size of some species, also affected the specific composition and demographic structure of the fish community.
Key words: Littoral fish community, visual census, distribution, depth, substrate rugosity, Mediterranean Sea.
RESUMEN: COMUNIDADES ÍCTICAS SOBRE SUBSTRATO ROCOSO DEL PARQUE NACIONAL DEL ARCHIPIÉLAGO DE CABRERA (MAL-
LORCA, MEDITERRÁNEO OCCIDENTAL). – Se analiza la comunidad íctica litoral sobre substrato rocoso del archipiélago de
Cabrera (Islas Baleares) y se aportan datos de base que permitirán evaluar los cambios debidos a diferentes medidas de
gestión. Se han realizado censos visuales en transectos sobre bloques rocosos a -10, -25 m y -41 m y sobre paredes a -15 m
de profundidad. Se han censado un total de 48 especies pertenecientes a 19 familias. El aumento en profundidad produce
principalmente un empobrecimiento específico y una disminución en densidad de especies mesófagas y macrófagas carnívo-
ras. Esta tendencia se acentúa al pasar del piso infralitoral al circalitoral. En el piso infralitoral la rugosidad del substrato es
un factor más importante que la profundidad en la estructura de la comunidad íctica. A igual profundidad, las característi-
cas específicas de cada zona, tales como cobertura algal, hidrodinamismo y presión pesquera, conjuntamente con cambios
de hábitat con la talla en ciertas especies, determinan en último caso la composición y estructura demográfica de la comu-
nidad.
Palabras clave: Comunidad íctica litoral, censos visuales, distribución, profundidad, rugosidad del substrato, Mediterráneo.
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INTRODUCTION
The study of littoral ichthyofauna on rocky bot-
toms has increased markedly due to development of
direct observation techniques. In particular, the
investigations carried out on coral reefs, have pro-
vided much information about the influence of some
ecological factors.
The composition and structure of the fish com-
munities are as much mediated by their relation-
ships with the physical environment (reviewed in
Sale, 1991) as by biotic factors such as, habitat
preference, competition, predation, recruitment or
postsettlement mortality (Doherty, 1983; Shulman,
1985; Jones, 1987; Hixon, 1991; Caley, 1993,
1995). Among physical factors, substrate, habitat
complexity, hydrodynamism, and depth have an
important influence on fish assemblages (Luckhurst
and Luckhurst, 1978; Bell, 1983; Russ 1984 a, b;
Levin, 1993, Grigg, 1994, Mcgehee, 1994; Milici-
ch, 1994; Letourneur, 1996). Hydrological factors,
such as temperature, can also be significant, not
only for their effect on the distribution of the
species, but also for their influence on life history,
population dynamics and synecological relations
(Sarà, 1985). 
The sampling techniques developed in coral
reefs are easily applicable in the Mediterranean,
however few studies exist on the composition and
structure of the fish communities in the Mediter-
ranean littoral environment and on the effects that
the biotic and abiotic factors have on them (Bell,
1983; Bregliano and Ody, 1985; Harmelin, 1987,
1990; Francour, 1989, 1991 a and b; García-Rubies
and Zabala, 1990; Cardona, 1992; García-Rubies,
1993; Dufour et al., 1995; García-Rubies and
Macpherson, 1995; Spyker and Van Den Bergue,
1995).
The Cabrera Archipelago (Balearic Islands,
western Mediterranean) was constituted as a Nation-
al Park with an extensive marine protected area
(87.03 Km2) in 1991. Since then, as a result of the
provisional Management Plan (1993), sport fishing
and trawling have been forbidden, while artisanal
fishing was not regulated until 1995. The littoral
zone of the Archipelago is characterised by its olig-
otrophy, accentuated by the low continental influ-
ence, and in consequence by an elevated transparen-
cy comparable, during the summer season, to that
found in tropical seas (Ballesteros and Zabala,
1993). The great heterogeneity of the bottoms,
where a large number of the more characteristic ben-
thic communities of the central Mediterranean are
found, and their good state of conservation, make
the Archipelago an ideal place for the study of fish
communities and the factors that determine their
structure in the oligotrophic areas of the western
Mediterranean.
The aim of this paper is to provide qualitative
and quantitative data of the littoral fish communities
on rocky bottoms at different depths and with dif-
ferent physical complexities. Moreover, the selec-
tion of the study stations in areas that will be affect-
ed by different management measures should pro-
vide a baseline for future evaluation of the changes
produced by management.
MATERIAL AND METHODS
Study areas
The study was carried out in the Cabrera Archi-
pelago National Park (30º 10’ N, 2º 58’ E). The lit-
toral zone is characterised by the large abundance
and diversity of rocky infralittoral and circalittoral
bottoms and a limited representation, located in the
more protected zones, of sandy infralittoral bottoms
(Ballesteros et al., 1993).
A preliminary survey was made in April 1993 to
choose zones with similar physical substrate com-
plexity, in order to minimize variation of this factor,
which has been shown to have a large influence on
the structure of fish communities (Luckhurst and
Luckhurst, 1978; Gladfelter and Gladfelter, 1978).
Wide zones with rocky blocks larger than 1 m in
height, without patches of Posidonia oceanica and
without sand were selected, for the later positioning
of the stations.
A total of 10 stations were studied: 8 on rocky
blocks (S, M, D) and 2 on vertical cliffs (C). The
study sites (Fig. 1) were selected by considering
future protection measures, according to the provi-
sional Management Plan of the National Park
(1993). Zones I and II were located in areas pro-
posed as an integral reserve where only scientific
activities will be allowed. Whereas zones III and IV
were located in areas proposed for restricted use
where small-scale fishing will be allowed. The sta-
tions over rocky blocks were situated at -10 m (shal-
low : SI, SII, SIII), at -25 m (medium: MI, MII,
MIII) and at -41 m (deeper: DII , DIV). The vertical
cliff stations were situated at -15 m (cliff; CII and
CIV). 
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In Cabrera the transition between the infralittoral
and the circalittoral stages occurs at a depth of  -35-
40 m (Ballesteros et al., 1993). Therefore the sta-
tions at -10, -15 and -25 m were covered by a pho-
tophilic algal community, whereas the stations at -41
m were covered by a sciaphilic algal community. 
Methods
The assemblages of fishes were surveyed by
SCUBA diving according to standarized procedures
(Harmelin-Vivien et al., 1985). In order to achieve
greater accuracy in the estimations of abundance,
the fish communities were assessed in two types of
transects. The mobile species, marked into cate-
gories 1, 2, 3, 4 and 5 according to Harmelin (1987),
were counted along transects 50 m long and 5 m
wide, by swimming at a constant speed about 1 m
above the substrate. The highly-sedentary cryptic
species, marked into category 6 by Harmelin (1987),
were counted in transects 15 m long and 2 m wide
by a diver that examined all the cavities and
crevices. At each station, one transect of 50x5 m and
three of 15x2 m were defined with ropes.
Data on abundance were collected using pre-
established abundance classes for small, medium
and large individuals of each species. In the calcula-
tion of density by species, the mean value of each
abundance category was used as the best estimate of
abundance, except in the highest abundance catego-
ry (more than 500) in which the minimum of the cat-
egory range was taken into account. Each size cate-
gory was one third of the maximum size of each
species according to Fisher et al., (1987).
Sampling was carried out in early summer,
from 16 June to 27 July 1993. Each transect was
counted five times on different days between 9 and
14 h GMT with calm sea and slight cloudiness.
The horizontal underwater visibility was around
25-30 m. 
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FIG. 1. – Study area and location of sampling stations in Cabrera Archipelago (Balearic Islands). S and M: rocky block stations with pho-
tophilic algal communities at -10 and -25 m respectively; D: rocky block stations with sciaphilic algal community at -41 m; C: Vertical cliff
station with photophilic algal community at -15 m.
At each station visual estimates of the dominant
components of the algal community according to its
coverage were made. The physical rugosity of the
bottoms was determined in each station using the
substrate rugosity index calculated as SR = L/A,
were L is the linear width of the transect and A the
real width (Luckhurst and Luckhurst, 1978). The
measurements were carried out every 5 m.
Data analysis
Species density was calculated for each station
after standardization of the results to 250 m2. Simi-
larities in the specific composition between the sta-
tions were studied by means of a hierarchical classi-
fication analysis. The analyses were performed
using the Jaccard index as a measure of similarity
and the UPGMA (unweighted pair-group using
arithmetic averages) as the aggregation algorithm.
Correspondence analysis (FCA) was performed
with the species-abundance matrix (data trans-
formed in Ln (x+1)), to determine association pat-
terns among species and samples (Legendre and
Legendre, 1982). Both analysis were carried out by
utilising the LAWI program (LLeonart, Institut de
Ciències del Mar, unpublished). The species with an
appearance frequency of less than 10% and classi-
fied only to the genus level were eliminated from the
analysis.
The ecological parameters, mean species rich-
ness, mean density, equitability and the Shannon-
Weaver diversity index, were calculated for each
station. The great abundance of gregarious pelagic
species belonging to categories 1 and 2 of Harmelin
(1987) obscure any trends in the abundance of dem-
ersal species. Moreover the erratic behaviour of
some of them, daily rhythms related to the substrate
and/or their feeding biology, makes them less
dependant on a particular substrate or depth. For
these reasons we also calculated the mean density of
the demersal species belonging to categories 3, 4, 5,
and 6 of Harmelin (1987).
A significance level of p<0.05 was used in all data
analyses. Before performing parametric tests the
assumptions of normality and homoscedasticity were
tested by the Kolmogorov-Smirnov and Bartlett-Box
tests respectively. When  these assumptions were not
met the data were transformed by Ln (x+1) (Zar,
1984). For the stations located over block bottoms the
mean values for each parameter were compared using
two-way factorial analysis of variance (Zone *
depths). After this analysis multiple comparisons of
means were made by using Scheffe’s test. All para-
meters were compared by a t-test between the two
vertical cliff stations and also between the two block
stations at -41 m. The size distributions for the
species total and for the most abundant species were
compared between zones and depths by the χ2 test. 
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TABLE 1. – Values of the Rugosity Index (± SE) and description of the benthic community with the more abundant species of algae in each
station (S and M= rocky blocks with photophilic algal communities, D= rocky blocks with sciaphilic algal communities, C= Vertical cliffs
with photophilic algal communities).
Zone Stations Rugosity index Benthic Communities
SI 1.84 ± 0.10 Cystoseira balearica, Halopteris scoparia, Padina pavonica, Dictyopteris membranacea
I
MI 1.55 ± 0.09 Halopteris scoparia, Dictyopteris membranacea, Padina pavonica, Dictyota sp.
SII 1.38 ± 0.07 Halopteris scoparia, Padina pavonica, Dictyota sp., Cystoseira balearica
MII 1.48 ± 0.08 Dictyopteris membranacea, Halopteris scoparia, Padina pavonica, Dictyota sp.
II
DII 1.42 ± 0.11 Peyssonnelia sp., Mesophyllum lichenoides, Dictyota dichotoma, Flabellia petiolata
CII - Dictyopteris membranacea, Padina pavonica, Cystoseira sp., Cystoseira balearica
SIII 1.23 ± 0.05 Halopteris scoparia, Corallina granifera, Padina pavonica, Dictyota  sp.
III
MIII 1.44 ± 0.14 Corallina granifera, Padina pavonica, Halopteris scoparia, Halopteris filicina
DIV 1.88 ± 0.14 Mesophyllum lichenoides, Peyssonnelia sp., Dictyota dichotoma, Flabellia petiolata
IV
CIV - Padina pavonica, Halopteris scoparia, Amphiroa rigida, Dictyopteris membranacea
RESULTS
In Table 1 the mean values of rugosity index for
each station and the type of benthic community,
with the main species of algae arranged according to
their decreasing abundance, are given.
During the sampling period the temperature of
the water varied between 23.3ºC and 26.3ºC at the
surface and between 17ºC and 19ºC at a depth of 40
m, with a salinity of 37.3‰.
In the 10 stations studied, 48 species belonging
to 19 families were recorded. Of the total number of
species, 37 were recorded in the stations of blocks at
-10 m, 34 in the stations of blocks at -25 m, 25 in the
stations of blocks at -41 m and 18 in the vertical cliff
stations. Species associated with each station and
their density per 250 m2 are given in Table 2.
At all depths the Labridae family displayed the
highest number of species, except in the shallow sta-
tion of zone III, in which the Sparidae was the most
specious family. Numerically the community was
dominated by sedentary and erratic gregarious
species, from categories 1 and 2 of Harmelin (1987).
In stations located at -10, -15 and -25 m, Chromis
chromis was the most abundant species, while in sta-
tions located at -41 m it was Anthias anthias.
Variation with depth and habitat complexity
The cluster analysis based on species composition
revealed the greater difference in similarity between the
deeper stations (-41 m with a sciaphilic algal communi-
ty) and all the other stations (with a photophilic algal
community). This latter group was subdivided into one
group containing all the censuses from the vertical cliff
stations and another containing all the censuses from
the blocks at a depth of -10 and -25 m (Fig. 2).
In the correspondence analysis, three groups of sta-
tions were clearly separated: one gathering the samples
from the block stations at -10 and -25 m, one grouping
the vertical cliff stations and one with the two deep sta-
tions (-41m) (Fig. 3a). Axis I, that explained 39.5% of
the variance, was significantly correlated with depth
(Spearman rank correlation coefficient = 0.95;
p<0.05), and axis II, that explained 12.3% of the vari-
ance, with the substrate rugosity index (Spearman rank
correlation coefficient = 0.80; p<0.05).
The distribution pattern of the species on the first
plan was similar to the distribution of the stations
described above (Fig. 3b). The analysis separated out
a group consisting of species found exclusively in
deep stations (Gobius vittatus and A. anthias) or
closely associated with this depth (Muraena helena,
Serranus cabrilla, Spicara maena, Symphodus
melanocercus, Symphodus doderleini and Gobius
cruentatus). A group of species that exhibited a
marked preference for the shallow stations was also
differentiated (Epinephelus marginatus, Sarpa salpa,
Symphodus roissali, Symphodus ocellatus, Thalasso-
ma pavo, Tripterygion delaisi and Tripterygion mela-
nurus), as well as a group of species with a wide
bathymetric distribution (Diplodus annularis, C.
chromis, Coris julis and Symphodus mediterraneus).
The mean values of species richness, mean den-
sity, diversity index and density of demersal species
for all stations, are given in Table 3. 
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FIG. 2. – Dendrogram based on the cluster analysis of all censuses performed in the different stations. (π : SI, n: SII, l: SIII, q: MI, o: MII,
m : MIII, +: CII, *: CIV, u: DII, : DIV). Letter codes as in Figure 1.
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Among the block stations, the species richness remained
high and similar (17.0 to 19.8) at depths of -10 and -25 m
(Table 4). The stations at -41 m showed a significantly lower
mean species richness (11.4 and 13.0) (zone II F= 23.75, df=
2, p= 0.0001 and zone III F= 8.27, df= 2, p= 0.005). The low-
est mean species richness was observed in the cliff stations
(11.0 and 11.4).
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FIG. 3. – Results of the AFC analysis performed on the species abundance data.
A: Stations (Symbols as in Figure 2 and letter codes as in Figure 1. B: Species
(see Table 2 for the relation between number and fish species).
A
B
For the species total no depth variations in mean density
were observed in zones I and III (Table 4). In zone II there were
significant differences between -10 and -25 m depths (Schef-
fer’s test, p<0.025). The pelagic gregarious species C. chromis,
Spicara smaris and S. maena had a greater density in the MII
station than in the shallow station of this zone (Table 4). The
mean density of demersal species, decreased significantly with
depth in zones II (F= 28.66, df= 2, p<0.0001) and III (F= 21.42,
df= 2, p= 0.0001). Significant higher diversity index were
obtained in the shallow stations of zones II (F= 28.48, df= 2,
p<0.0001) and III (F= 3.94, df= 2, p<0.05).
Variations among zones
At a depth of -10 m the mean number of individuals was sig-
nificantly higher in zone III than in the other two zones (F=
15.52, df= 2, p= 0.0005). However, no significant differences
existed for the mean density of demersal species between the
three sallow stations. The diversity index was significantly
lower in zone III than in the two other zones (F= 12.95, df= 2,
p= 0.001).
At a depth of -25 m, station MII had a greater mean density
than station MI (F= 9.08; df= 2; p= 0.004), but when only dem-
ersal species were taken into account, this situation was
reversed, and MII had a significantly lower mean density (F=
14.85, df= 2, p= 0.0006). The diversity index was significantly
higher in zone I (F= 21.72, df= 2, p= 0.0001).
Significant differences were not found for any of the para-
meters analysed between the two vertical cliff stations, nor
between the two block stations at -41 m.
The analysis of the variations in abundance of individual
species indicated that E. marginatus, D. vulgaris, C. chromis
and T. pavo had significantly greater densities in the shallow
station of zone III than the other two zones at the same depth,
whereas the mean density of Serranus scriba, S. ocellatus, and
T. delaisi were significantly lower (Scheffer’s test p<0.05).
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FIG. 4. – Distribution of sizes as percentages of the total of individuals recorded in
each station.
Distribution of sizes
The medium size class was the modal class in all
the stations (Fig. 4). The analysis of the size distribu-
tions indicated that they were dependant on both
depth and zone (χ2 p<0.05). At -10 and -25 m differ-
ences were due principally to the different size distri-
bution exhibited by zone III. In this zone the largest
size class was more abundant than the small size
class, a situation opposite to that observed in the other
two zones (Fig. 4). At -41 m the size distribution was
independent from the zone (χ2= 2.23, p>0.1).
LITTORAL FISH COMMUNITY OF CABRERA ARCHIPELAGO 503
TABLE 4. – Summary of comparisons of means on significant interactions of two way analysis of variance. Means are ranked sequentially,
with the higher values on the left. Values underlined with the same line do no show significant differences (S: species richness, H’: Shannon-
Weaver diversity index; mean density for all the species and mean density for demersal species).
Variations between depths Variations between zones
I II III -10 -25
S -10 -25 -10 -25 > -41 -25 -10 > -41 I, II, III I, II, III
H’ -25 -10 -10 > -41 -25 -10 -25 -41 II, I > III I > III, II
Mean density -25 -10 -25 -41 -10 -10 -25 -41 III > I, II II, III, I
Mean density of demersal species -25 -10 -10 > -25 > -41 -10 > -25 > -41 III, II, I I, III > II
FIG. 5. – Distribution of sizes as percentages of the species abundance for Symphodus ocellatus, Thalassoma pavo, Tripterygion delaisi and
Diplodus vulgaris in the stations located at a depth of -10 m. A: Zone I. B: Zone II. C: Zone III.
The size distributions, in shallow stations, of the
three more abundant species of Labridae (C. julis, S.
ocellatus and T. pavo) as well as T. delaisi and D.
vulgaris, were clearly different. The relative impor-
tance of each size class varied according to the zone
studied (Figures 5a, b and c). For S. ocellatus, T.
pavo and T. delaisi, the small size class was the
modal class in zone II, whereas in zone III, this size
class was the less abundant for all the species. 
DISCUSSION
The results of the present study show that depth
highly influences the composition and structure of the
fish communities of the Cabrera Archipelago rocky
habitats. The differences are principally due to a spe-
cific impoverishment and a decrease in the abundance
with depth of mesophagous and macrophagous carni-
vore species (categories 3, 4, 5 and 6 of Harmelin,
1987). These variations, that in the infralittoral stage
have an unequal amplitude and dependence on the
zone studied, are accentuated in the transition
between the infralittoral and circalittoral stage. The
transition between these two stages represents the
lower distribution limit for S. salpa, S. ocellatus, S.
roisali, T. pavo, Parablennius rouxi, T. delaisi and
Oblada melanura. Only two new species are incorpo-
rated into the fish community in the zone of sciaphilic
algae: G. vittatus and A. anthias, the latter, of
sciaphilic character, being considered as exclusively
from coralligenous habitats by Harmelin (1990). 
These changes can be due, amongst other causes,
to the greater heterogeneity of habitat, stratification
and primary productivity of the algal communities in
the infralittoral stage relative to the circalittoral stage
in the Cabrera Archipelago (Ballesteros et al., 1993).
These characteristics represent a higher availability of
shelter and a greater standing crop of benthic inverte-
brates, which are the diet for a large part of the
species recorded (Bell and Harmelin-Vivien, 1983;
Khoury, 1984; Zander and Berg, 1984; Harmelin-
Vivien et al., 1989; Arculeo et al., 1993). The depth
gradient has been shown to be one of the major com-
ponents of the variability in the spatial distribution of
the fish community in the Mediterranean (Bell, 1983;
García-Rubies and Zabala, 1990; García-Rubies,
1993, Macpherson, 1994; Dufour et al., 1995).
The results of the hierarchical and correspondence
analyses (Figures 2 and 3) and the mean values for the
ecological parameters (Table 4) obtained in the pre-
sent study revealed that in the infralitoral stage the
substrate complexity is more important than depth in
the composition and abundance of the fish assem-
blage. A decrease of the substrate complexity mainly
produces a specific impoverishment. The importance
of this factor in the structure of the fish community
explains the different results obtained in the same area
by the present study and by García-Rubíes (1993) for
depth variations in the species richness values. The
shallow stations sampled by this author were vertical
cliffs. Our results show that the total and mean species
richness, in the vertical cliff stations at -15 m are much
lower than those obtained in the block stations at a
depth of -10 and -25 m (Table 3). The correlations
between the physical heterogeneity and the species
richness of fish communities has been shown in tem-
perate and tropical zones (Luckhurst and Luckhurst,
1978; Gladfelter and Gladfelter, 1978; Harmelin,
1987; Mcgehee, 1994). It appears that increased sur-
face area provides a greater diversity of shelter and
feeding sites. 
Although the values of species richness and abun-
dance are of the same order to those obtained at simi-
lar depths in other areas of the western Mediterranean
(Bell, 1983; Harmelin, 1987, 1990; García-Rubies and
Zabala, 1990, Dufour et al., 1995), some differences
exist in the specific composition, relative abundance
and bathymetric distribution of some species. The
oligotrophy and transparency of the waters of Cabrera,
produce a displacement in depth and a greater bathy-
metric width for the benthic communities (Ballesteros
et al., 1993) and consequently for the associated fish
species. Moreover, the higher water temperatures of
Cabrera favour a greater richness, abundance and a
regular recruitment of temperate species. Thus, T.
pavo, a species of southern distribution (Tortonese,
1975), is one of the most abundant species in Cabrera
between -10 and -25 m, but has only been found in the
shallower zones of the Medas Islands (García-Rubies
and Zabala, 1990). Epinephelus marginatus has a sal-
low distribution in Cabrera and greater densities than
in long protected Mediterranean zones (Harmelin,
1987, 1990; García-Rubies and Zabala, 1990; Dufour
et al., 1995), as well as a broad size distribution and a
regular annual recruitment in the area (pers. obs.). On
the other hand, species typical of the sciaphilic envi-
ronment, such as Ctenolabrus rupestris and Labrus
bimaculatus, with a high frequency of appearance in
other areas, have not been observed in the present
study. This may be due to a depth displacement from
the upper distribution limit. Females of L. bimaculatus
can be observed in Cabrera below -30 m in winter, and
it has a deeper distribution in  summer (pers. obs.).
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In the absence of variations in depth and substrate
rugosity there were other factors that could explain
the differences found between zones. Among these
the joint effect of the hydrodynamic conditions and
algal cover could influence specific composition,
abundance and the size distribution of the communi-
ty. The tolerance range to these conditions is not only
different, according to the species, but also varies for
the same species according to size. Zone III is locat-
ed farthest from the main islands of the Archipelago
and receives the greatest exposure to all winds and
currents. Furthermore the surface station of zone III
shows a sparser algal cover, due to the browsing
effect of sea urchins (Paracentrotus and Arbacia),
which are much more abundant in this station than in
any other. These conditions make a favourable habi-
tat for plantophagous species (C. chromis) and large
sized specimens of some macrophagous and
mesophagous carnivores species such as: E. mar-
ginatus, D. vulgaris, Diplodus puntazzo, Spondylio-
soma cantharus and T. pavo, whereas they are
unfavourable for small sized species (S. ocellatus, T.
delaisi) and in general for juveniles of all species. A
structured, dense algal community provides shelter
from predation (Carr, 1991) and foraging habitats
(Choat and Ayling, 1987; Levin, 1991) for juvenile
fish. In addition, calm hydrodynamic conditions may
favour juveniles since they are not forced to spend
energy swimming against waves and current.
According to Choat and Ayling (1987) the juveniles
and the small sized species preferably choose to prey
on the fronds, whereas the adults and larger benthic
feeding fish (Sparidae) in general avoid the zones
with dense algal cover, feeding in open zones where
the invertebrates are more exposed. This feeding
behaviour has also been observed by Bell (1983) in
the Mediterranean. The preference for shallow zones
with algal cover for recruits and juveniles of littoral
species has been reported in the north-western
Mediterranean (Harmelin-Vivien et al., 1995; Gar-
cía-Rubíes and Macpherson, 1995). 
Although no data are available concerning the
fishery activity in Cabrera before its creation as a
National park, enquiries carried out among the fish-
ermen indicate that this activity has been traditional-
ly greater in zones I and II than in zone III. The
greater exposure of zone III to all winds and currents
may have acted as an effective protection for long
time. Both the surface station of zone III and the sta-
tion at -25 m show a greater abundance and size for
some target species of the artisanal and sport fishery
(Coll et al., 1995; Moranta et al., 1995).
The results obtained in the present study demon-
strate that depth, together with the associated benth-
ic community and the substrate rugosity, are the
principal factors that determine the composition and
structure of the fish community in Cabrera Archi-
pelago. Other factors such as degree of algal cover,
hydrodynamism and level of fishery exploitation
should also be accurately monitored in order to
understand pattern variations between zones on a
relatively small spatial scale. 
ACKNOWLEDGEMENTS
This study is a result of the Project: “A study of
the fish populations associated with the main benth-
ic communities of the maritime-terrestrial Cabrera
National Park. Determination of the actual state of
the ichthyofauna as a base for the study of the
reserve effect” sponsored by ICONA. We thank M.
Zavala, A. García, J. Lleonart and I. Moreno for
their comments on various aspects of this work. We
are also grateful to G. Morey, J. Garrabou, S. Pujol
and the wardens and guides of the Maritime-Terres-
trial National Park of Cabrera Archipelago for their
support and help during the field work.
REFERENCES
Arculeo, M., C. Froglia and S. Riggio. – 1993. Food partitioning
between Serranus scriba and Scorpaena porcus (Perciformes)
on the infralittoral ground of the South Tyrrhenian Sea. Cybi-
um, 17: 251-258.
Ballesteros, E. and M. Zabala. – 1993. El bentos: El marc físic. In:
J.A. Alcover, E. Ballesteros, and J.J. Fornós (eds.): Història
Natural de L’Arxipèlag de Cabrera. pp. 663-685., Mon. Soc.
Hist. Nat. Baleares nº 2. CSIC-Moll. Mallorca.
Ballesteros, E., M. Zabala., M. J. Uriz., A. García-Rubies and X.
Turon. – 1993. El Bentos: Les comunitats. In: J. A. Alcover, E.
Ballesteros and J.J. Fornós (eds.). Història Natural de L’Arx-
ipèlag de Cabrera. pp. 687-730. Mon. Soc. Hist. Nat. Baleares
nº 2. CSIC-Moll. Mallorca.
Bell, J.D. – 1983. Effects of depth and marine reserve fishing
restrictions on the structure of rocky reef fish assemblages in
the north-western Mediterranean Sea. J. Appl. Ecol., 20: 357-
369. 
Bell, J. D. and M. L. Harmelin-Vivien. – 1983. Fish fauna on
French Mediterranean Posidonia oceanica meadows. 2. Feeding
habits. Tethys, 11: 1-14. 
Bregliano P. and D. Ody. – 1985. Structure du peuplement ichty-
ologique de substrat dur à travers le suivi des récifs artificiels
et d’une zone naturelle témoin. Colloque Franco-Japonais d’o-
ceanographie. Marseille 6: 101-112.
Caley, M.J. – 1993. Predation, recruitment and the dynamics of
communities of coral-reef fishes. Mar. Biol., 117: 33-43.
Caley, M.J. – 1995. Reef-fish community structure and dynamics:
an interaction between local and larger-scale processes. Mar.
Ecol. Prog. Ser., 129: 19-29.
Cardona, L. – 1992. Distribución de la ictiofauna costera en el puer-
to de Mahón (Menorca, Islas Baleares). Análisis faunistico.
Boll. Soc. Hist. Nat. Balears, 35: 131-139. 
Carr, M.H. – 1991. Habitat selection and recruitment of an assem-
LITTORAL FISH COMMUNITY OF CABRERA ARCHIPELAGO 505
blage of temperate zone reef fishes. J. Exp. Mar. Biol. Ecol.
146: 113-137.
Choat, J.H. and A.M. Ayling. – 1987. The relationship between
habitat structure and fish faunas on New Zealand reefs. J. Exp.
Mar. Biol. Ecol., 110: 257-284.
Coll. J., O. Reñones., J. Moranta and B. Morales-Nin. – 1995. Base
study for monitoring the reserve effect in the Cabrera National
Park, Balearic Islands. An indicator species example: Epineph-
elus guaza (L.). Rapp. Comm. Int. Expl. Sc. Mer. Médit., 34:
240.
Doherty, P.J. – 1983. Tropical territorial damselfishes: is density
limited by aggregation or recruitment?. Ecology, 64: 176-190.
Dufour, V., J.Y. Jouvenel and R. Galzin. – 1995. Study of a
Mediterranean reef fish assemblage. Comparison of popula-
tions distributions between depths in protected and unprotected
areas over one decade. Aquatic. Living Resources, 8: 17-25.
Fisher, W., M.L. Bauchot and M. Schneider. – 1987. Fishes FAO
d’identificación des espèces pour les besoins de la pêche.
(Révision 1). Méditerranée et Mer Noir. Zone de pêche 37.
Volum II. Vertébrés. Pp. 761-1530. FAO. Rome.
Francour, P. – 1989. Les peuplements ichtyologiques de la réserve
de Scandola: influence de la réserve intégrale. Trav. sci. Parc.
nat. rég. nat. Corse, Fr., 21: 33-93.
Francour, P. – 1991a. The effects of protection level on a coastal
fish community at Scandola, Corsica. Rev. Ecol. (Terre Vie),
46: 65-81.
Francour, P. – 1991b. Ichtyofaune de la Réserve naturelle de Scan-
dola (Corse, Mediterranée nord-occidentale). Influence spatiale
et temporelle de l’effet de réserve. Tra. sci. Parc. nat. rég. nat.
Corse, Fr. 31: 1-33.
García-Rubies, A. – 1993. Distribució batimètrica dels peixos
litorals de substrat rocós a l’illa de Cabrera, In: J.A. Alcover, E.
Ballesteros and J.J. Fornós (eds.). Història Natural de L’Arx-
ipèlag de Cabrera. pp. 645-661. Mon. Soc. Hist. Nat. Baleares,
nº 2. CSIC-Moll. Mallorca.
García-Rubies A. and E. Macpherson. – 1995. Substrate use and
temporal pattern of recruitment in juvenile fishes of the
Mediterranean littoral. Mar. Biol., 124: 35-42.
García-Rubies A. and M. Zabala. – 1990. Effects of total fishing
prohibition on the rocky assemblages of Medes Islands marine
reserve (NW Mediterranean). Sci. Mar., 54: 317-328.
Gladfelter, W.B. and E.H. Gladfelter. – 1978. Fish community
structure as a function of habitat structure on West Indian patch
reefs. Rev. Biol. Trop., 26 (suppl. 1): 65-84.
Grigg, R.W. – 1994. Effects of sewage discharge, fishing pressure
and habitat complexity on coral ecosystems and reef fishes in
Hawaii. Mar. Ecol. Prog. Ser., 103: 25-34.
Harmelin, J.G. – 1987. Structure et variabilité de l’ichtyofaune
d’une zone rocheuse protegée en Mediterranée (Parc national
de Port-Cros, France). P.Z.N.I. Marine Ecology, 8: 263-284.
Harmelin, J.G. – 1990. Ichtyofaune des fonds rocheux de Mediter-
ranée: Structure du peuplement du coralligène de l’ile de Port-
Cros (Parc national, France). Mesogée, 50: 23-30.
Harmelin-Vivien, M.L., J.G. Harmelin, C. Chauvet, C. Duval, R.
Galzin, P. Lejeune, G. Barnabé, F. Blanc, R. Chevalier, J.
Duclerc and G. Lassarre. – 1985. Evaluation visuelle des poble-
ments et populations de poissons: méthode et problèmes. Rev.
Ecol. (Terre Vie), 40: 467-539.
Harmelin-Vivien, M.L., J.G. Harmelin and V. Levoulleux. – 1995.
Microhabitat requirements for settlement of juvenile sparid
fishes on Mediterranean rocky shores. Hydrobiol., 300/301:
309-320.
Harmelin-Vivien, M.L., R.A. Kaim-Malka, M. Ledoyer and S.S.
Jacob-Abraham. – 1989. Food partitioning among scorpaenid
fishes in Mediterranean seagrass beds. J. Fish. Biol. 34: 715-734.
Hixon, M.A. – 1991. Predation as a process structuring coral-reef
fish communities. In: Sale P. F: (ed.). The ecology of fishes on
coral reefs. Academic Press, San Diego pp. 475-508. 
Jones, G.P. – 1987. Competitive interactions among adults and
juveniles in a coral reef fish. Ecology, 68: 1534-1547.
Khoury, C. – 1984. Ethologies alimentaires de quelques espèces de
poissons de l’herbier du Parc National de Port-Cros. In: F.
Bouderesque, A. Jeudy de Grisac and J. Olivier (eds.). Interna-
tional Workshop on Posidonia oceanica beds. pp. 335-347.
G.I.S. Posidonie Publ. 1. Marseille.
Legendre, L. and P. Legendre. – 1982. Ecologie numérique. La
structure des données écologiques. 260pp. Masson, Paris. 
Letourneur, Y. – 1996. Dynamics of fish communities on Reunion
fringing reefs, Indian Ocean. I. Patterns of spatial distribution.
J. Exp. Mar. Biol. Ecol., 195: 1-30.
Levin, P. S. – 1991. Effects of microhabitat on recruitment variation
in a Gulf of Maine reef fish. Mar. Ecol. Progr. Ser., 75: 183-
189.
Levin, P. S. – 1993. Habitat structure, conspecific presence and spa-
tial variation in the recruitment of a temperate reef fish. Oecolo-
gia, 94: 176-185.
Luckhurst, B. E. and K. Luckhurst. – 1978. Analysis of the influ-
ence of substrate variables on coral reef communities. Mar.
Biol., 49: 317-323.
Macpherson, E. – 1994. Substrate utilization in a Mediterranean lit-
toral fish community. Mar. Ecol. Prog. Ser., 114: 211-218. 
Mcgehee, A. – 1994. Correspondence between assemblages of coral
reef fishes and gradients of water motion, depth and substrate
size off Puerto Rico. Mar. Ecol. Prog. Ser., 105: 243-255.
Milicich, M. J. – 1994. Dynamic coupling of reef fish replenishment
and oceanographic processes. Mar. Ecol. Prog. Ser., 110: 135-
144.
Moranta, J., J. Coll., O. Reñones and B. Morales-Nin. – 1995.
Abundance and size distribution of Diplodus vulgaris of the
National Park of Cabrera Archipelago (Balearic Islands) during
summer. Rapp. Comm. Int. Expl. Sc. Mer. Médit. 251.
Russ, G. – 1984a. Distribution and abundance of herbivorous graz-
ing fishes in the Great Barrier Reef. I. Levels of variability
across the entire continental shelf. Mar. Ecol. Prog. Ser., 20:
23-34.
Russ, G. – 1984b. Distribution and abundance of herbivorous graz-
ing fishes in the central Great Barrier Reef. Mar. Ecol. Prog.
Ser., 20: 35-44.
Sale, P.F. (ed.). – 1991. The ecology of fishes on coral reefs. Acad-
emic Press San Diego. California, 754pp.
Sarà, M. – 1985. Ecological factors and their biogeographic conse-
quences in the Mediterranean ecosystems. In: A. Moraitou-
Apostolopoulou and V. Kiortsis (eds.). Mediterranean Marine
Ecosystems. pp. 1-18. Plenum Press, New York.
Shulman, M. – 1985. Recruitment of coral reef fishes: effects of dis-
tribution of predators and shelter. Ecology 66: 1056-1066.
Spyker, K. A. and P. Van Der Bergue. – 1995. Diurnal abundance
patterns of Mediterranean fishes assessed on fixed transects by
scuba divers. Trans. Am. Fish. Soc. 124: 216-224.
Tortonese, E. – 1975. Fauna d’Italia. Vol. III. Osteichthyes (Pesci
Ossei). Edizione Calderini, Bologna.
Zander, C. D. and J. Berg. – 1984. Feeding ecology of littoral gobi-
id and blennioid fishes of the Banyuls area (Mediterranean sea).
II. Prey selection and size preference. Vie Milieu, 34: 149-157.
Zar, J. H. – 1984. Biostatistical analysis. Pretice-Hall, Inc., Engle-
wood Cliffs, New Jersey. 718p.
Scient. ed.: M. Harmelin-Vivien
506 O. REÑONES et al.
